The research enterprise requires a balanced portfolio of approaches to be maximally effective. The majority of biomedical research progresses through steady, incremental steps along a path well marked with milestones. Every so often, a serendipitous observation or a brilliant insight shatters a conceptual barrier. Many good things happen when tens of thousands of talented researchers are supported. But the balance in the research portfolio has, in my opinion, shifted too far to the conservative; too little is wagered on individual talent and intuition, even though the rewards of such a betting strategy have been made clear by the investigator program of the Howard Hughes Medical Institute (HHMI) and other similar enterprises that support "people, not projects."
The establishment of Janelia Farm, HHMI's first free-standing research program, set to open this summer, provides an opportunity to create from scratch an environment that is specifically designed to foster basic biomedical research in a manner complementary to, and ideally, synergistic with, HHMI's existing research programs and those of other institutions. Our objective is to provide a select group of scientists with the facilities, finances, and freedom they need to pursue original, long-term research with minimal distractions. The hope is that they will, together, form a community of scientists with varied expertise and an interest in interdisciplinary research. HHMI will fully fund their work, encourage their personal hands-on research, promote intergroup dialogue and collaboration, and provide abundant research support services. In return, we will ask them to bet their careers on the strength of their ideas. In many ways, Janelia Farm can be viewed as a start-up company with extremely patient investors whose product is new basic knowledge. Janelia Farm will have two initial areas of scientific focus. The first is the identification of general principles that govern how information is processed by neuronal circuits, using genetic model systems in conjunction with imaging, electrophysiological, and computational methods. The second is the development of imaging technologies and computational methods for image analysis. These foci represent challenging and compelling research areas in which, we believe, progress will be greatly enhanced by patient, generous funding in an environment that fosters free-flowing dialogue, critique, and creative problem solving across multiple disciplines-an environment not easily created in current research institutions. My goal here is not to describe the process we used to select these areas but to discuss issues of scientific culture. I believe the uniqueness of Janelia Farm will derive from the manner in which we tackle research problems, not from the problems we choose to tackle.
Defining the Problem
Two primary factors operate to shape the "cultures" in which scientific research is conducted in our leading universities and institutes: The conditions attached to research funding and the career and reward structures available to participants. It is unlikely that these cultures will change substantially in the near future or that there will be major changes in the mechanisms by which funding is distributed by governments or other agencies. It is not the primary intent of Janelia Farm to drive changes in these institutions-or in the for-profit sector-which are highly successful and appropriately structured to conduct the vast majority of biomedical research and training of young scientists. Likewise, Janelia's focus on long-range research and its dependence on internal funding make it an unrealistic model for most scientific research enterprises. Instead, HHMI hopes that Janelia Farm will provide a complementary environment to pursue activities and support careers not well served by other institutions and funding mechanisms.
In traditional academic and forprofit biotechnology models, the researcher depends on external funding in ways that compel him/ her to define in advance the goals, methods, and likely outcomes of the research project in a detailed grant application or business plan. These funding models have two major limitations. First, proposals for higherrisk projects, even those that may have enormous impact if successful, have traditionally fared poorly. This is especially true for non-hypothesis-driven research aimed at developing new research tools. Second, the ability to move quickly to take advantage of unforeseen opportuni- often not apparent, a situation that adversely affects their "performance review" and career advancement. This is particularly troublesome when reviewers at external institutions are the evaluators and can only base their judgments on written materials. The situation is further compounded in the case of interdisciplinary research where the research advance itself may not be seen as representing the forefront of the separate disciplines. Second, the period when an early career stage scientist can be both fully independent and directly engaged in the conduct of research, as opposed to simply directing the work of others, has been greatly shortened, and in some cases totally eliminated. In the typical academic model, an individual completing their Ph.D. thesis undertakes a postdoctoral training period of three to five years working for an established scientist as an apprentice. When he/she finally becomes an assistant professor, he/she must teach, participate on committees, write grant requests, publish, and engage in other activities in the pursuit of tenure-all of which detract from the time one can devote to research. In fact, one can succeed only by rapidly assembling a research team of students and postdoctoral fellows. Academia trains its graduate students and postdoctoral fellows to be scientists but then requires that, as faculty members, they operate like the managers of small businesses.
Some of the most innovative young scientists fail to make this transition successfully, or find these other pursuits so unattractive or unsuited to their talents that they seek employment elsewhere and are lost from the basic research enterprise.
Developing a Working Hypothesis
We constructed our working hypothesis for Janelia Farm by studying successful research institutions and trying to understand the features of the culture, organization, and management of each that were critical to their success. The institutions that proved to be the most instructive were the Medical Research Council Laboratory of Molecular Biology (MRC LMB) in Cambridge, England and AT&T's Bell Laboratories in Murray Hill, New Jersey. For the period between 1950 and 1980, these institutions are generally considered to have been the most successful research institutions in biology and solid-state physics, respectively. Each generated a truly remarkable number of groundbreaking discoveries and technological breakthroughs. We were intrigued to learn that, despite the fact that one of these institutions was a small publicsector biological research laboratory and the other a large private-sector physics enterprise, they shared a surprisingly wide range of operating characteristics.
In each case, individual research groups were small. At the MRC LMB, individual groups consisted of a group leader and two to six other scientists; at Bell Labs group size was even smaller, a group leader and one or two others. Small group size was considered essential to promote collaboration and communication between groups, as well as excellent mentoring. Larger projects were often conducted by self-assemblies of smaller groups. Group leaders were active bench scientists, and this was true even for Nobel Prize winners and department chairs. In contrast, it is very rare for any faculty member in a contemporary research university to spend significant time working at the bench. In both institutions, funding was provided from internal sources at a dependable and generous level. Outside grant applications were not permitted, nor was there any obvious pressure for the work to be of immediate medical relevance or commercial value. Both institutions had excellent support facilities, for sophisticated functions such as instrumentation design and fabrication as well as for routine functions such as glassware washing, media preparation, and distribution of supplies. This enabled individuals and small groups to function effectively and to focus on creative activities. Tenure was limited. At Bell Labs, there was no tenure: Department heads met once a year to determine who were the weakest 10% among the group leaders, and these were asked to leave. At the MRC LMB, tenure was initially very limited (in 1972, fewer than 25% of the group leaders were tenured).
Originality, creativity, and collegiality were valued and supported. The emphasis was on tackling difficult and important research problems, as opposed to more typical criteria such as publication number, service on editorial boards, and speaking invitations. Leadership felt it was their responsibility to be familiar enough with the work of their scientists to be able to evaluate their potential, as well as their accomplishments, and they were patient with those they judged to be very good but who had not yet achieved external recognition.
Several other institutions that influenced our thinking in important ways included the European Molecular Biology Laboratory, Carnegie Institution of Washington Department of Embryology, and Cold Spring Harbor Laboratory. For example, these institutions confirmed that granting life-long tenure was not required for, and might even be antagonistic to, maintaining a strong and enthusiastic faculty.
Implementing the Experiment Early in our planning process, we concluded that the validity of the shared operating principles of the MRC LMB and Bell Labs would be unlikely either to change with time or depend on the particular field of Cell 125, April 21, 2006 ©2006 Elsevier Inc. 211 research being pursued, as they are based on human nature and the psychology of the creative process. We also realized that HHMI is one of very few current institutions that has both the financial resources and the philosophical flexibility needed to put these operating principles into practice and that HHMI could make a unique contribution by establishing a new research campus based largely on these proven ideas.
The most critical factor for the success of Janelia Farm will be our ability to recruit and nurture scientists who possess not only the scientific talent but also the personality traits and intellectual courage required to engage fully in collaborative and interdisciplinary research that tackles difficult problems. This is a rare combination, but we only need a couple of hundred such individuals. We expect to recruit 24 group leaders by the Fall of 2009. Each group leader will have a laboratory comprising between two and six lab members. We believe this small group size will allow group leaders to stay active at the bench doing their own experimental work and will encourage self-assembly of collaborative groups. We also believe that the extensive core support provided at Janelia Farm will allow such small groups to work effectively. Finally, our scientists will not be allowed to accept outside funding. We will provide them with true intellectual freedom-that is, the opportunity to develop their best ideas and the funding to carry them out.
There is no limit to the length of time group leaders can remain at Janelia Farm, so long as they successfully pass a rigorous scientific review every five years. The review criteria will emphasize (1) the ability to define and the willingness to tackle difficult and important problems; (2) originality, creativity, and diligence in the pursuit of solutions to those problems; and (3) contributions to the overall intellectual life of the campus by offering constructive criticism, mentoring, technical advice, and in some cases, collaborations with their colleagues and visiting scientists. Such criteria are not readily assessed by simply looking at someone's resume or publication record.
We also expect to appoint 20 Janelia Farm fellows, most of whom will have sought this position as an alternative to a standard postdoctoral experience or assistant professorship. Fellows will have groups of one or two individuals and will receive five-year appointments, with the general expectation that they will obtain positions elsewhere after one term at Janelia Farm. They will, however, not be excluded from competing for group leader positions. One objective of the fellow position is to provide a mechanism for an exceptional individual to obtain true intellectual independence at an early stage of their career, reversing the prevailing trend. Another objective is to provide a path for a senior scientist in academia or industry to return to hands-on research.
We also think that some graduate students would benefit greatly from the unusual research environment at Janelia Farm. We are establishing mechanisms by which graduate students will carry out their formal course work at, and obtain their degree from, another institution while conducting all or a significant part of their dissertation research at Janelia Farm. To date, we have partnerships with the University of Cambridge, England and the University of Chicago.
For Janelia Farm to reach its full potential the scientific and operational support, as well as the architecture, must be enabling. We want Janelia Farm to be a place where a small number of very gifted individuals can pursue their work with passion and freedom from unproductive distractions, where senior scientists have the unstructured time and inclination to mentor their more junior colleagues, and where collaboration and constructive intellectual engagement are highly valued and rewarded. Establishing such an environment requires that everyone from the director to the glassware washer be selected on the basis of personality and attitude, as well as scientific, administrative, or other talents.
The many additional demands not directly related to research that are placed on university faculty make it difficult to conduct a successful research career without working extremely long hours. The current scientific enterprise is not very supportive of individuals who want to pursue their careers while also devoting time to raising a family or other endeavors. It is generally agreed that this is a major factor deterring many talented individuals, particularly women of childbearing age, from pursuing careers in basic research. Janelia Farm is committed to address this problem by eliminating nearly all professional obligations not directly related to research. Without the burdens of teaching, grant writing, or administrative work, our group leaders and fellows will have much more time for both research and other personal and family activities. We will also provide high-quality on-site infant and childcare.
The cultural objectives of Janelia Farm dictated an unusual design for the laboratories and support facilities aimed at achieving unscheduled interactions, collaboration, and flexibility. The result is a large, yet transparent, building with over a mile of structural glass walls (see Figure  1) . The location is also unusual, a retreat-like pastoral setting on 700 acres along the banks of the Potomac River, 30 miles from Washington, D.C. The planning for both the scientific program and the campus facilities has been intertwined, with each part overlapping and influencing the other. In addition to the research facilities, there are conference facilities, hotel and apartment housing, a dining room, a fitness center, and even a campus pub.
We will extend our reach into the larger research community through visitor programs and conferences. Janelia Farm will provide space, support facilities, housing, and research funding so that visiting scientists from around the world can come together to solve interdisciplinary problems. We anticipate that most visitors will work closely with our resident scientists, but we are open to hosting independent project teams with synergistic scientific goals. This will provide a rare opportunity for a group of scientists, each bringing a few members of their research group, to work together for periods ranging from a few weeks to several years. No university or research institution is likely to dedicate the required laboratory space or research support to an activity that does not principally benefit its own faculty or teaching mission. We also plan on an extensive program of intermediate size conferences with about 100 participants as well as smaller workshops on topics related to our research mission.
Conclusion
Steady, flexible, and patient support is required for tackling many important questions in basic biology that are unlikely to be answered by disjointed groups constrained by the specific aims of their short-term grants. Progress on such problems will, in my opinion, benefit greatly from an environment different from, and complementary to, that found in our leading research universities and research institutes. We need more environments and cultures that support and reward interdisciplinary and collaborative work focused on longterm goals. This is what we are working to create at Janelia Farm. Janelia Farm is an experiment. How will we know if the experiment worked? If we are successful, Janelia Farm will pass the "deletion test"-that is, would the scientific landscape look substantially different in twenty years if Janelia Farm's contributions were to be "deleted"? Failure, from an institutional point of view, would be merely to replicate an excellent research institute such as the Salk Institute or the Whitehead Institute. HHMI already has a successful mechanism for supporting talented scientists in these environments through its support of HHMI investigators. Janelia Farm seeks to be fundamentally different in its approach to scientific research, and I have tried to explain what these differences are and how we intend to achieve them.
Can one really engineer a scientific culture, and in particular, a culture that will foster unusually creative research? No one can say for sure. That is why I describe Janelia Farm as an experiment. However, I am confident that we have generated a good working hypothesis. I am convinced by the track record of institutions like the MRC LMB and Bell Labs that the right culture can greatly enhance creativity. I have explained what we deduced the enabling features of this culture to be and how we will attempt to recreate them. I feel strongly that this culture will, in turn, create an irresistibly attractive force for a small group of highly talented, interactive, and adventurous scientists who are not content with traditional working environments and funding models. These individuals will be the key to whatever success Janelia Farm enjoys, and we will nurture and support them with great diligence.
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